The rate of digestion of fibrin was measured in vitro by an isotopic technique in 140 blood samples of differing fibrinogen concentration; the assessment of fibrinolytic activity thus obtained was compared with a standard method of measurement, the dilute whole blood lysis time. The lysis time was related exponentially to the fibrinolytic activity as measured by the isotopic technique, and further was influenced markedly by alteration in the plasma fibrinogen concentration.
from patients over the age of 50 years in surgical wards: all these patients were receiving 251I-labelled fibrinogen for the detection of leg vein thrombosis. The fibrinogen preparation was processed at the Lister Institute from a pool of not more than five donors accredited by the Regional Transfusion Centres as free from the hepatitis carrier state. lodination was carried out at the Radiochemical Centre, Amersham, Bucks, and the material was presented in freeze-dried form in ampoules containing 0-7 mg fibrinogen and 100 ,uCi of 125lodine. When this preparation was tested in vivo the amount of plasma radioactivity clottable by thrombin was usually between 80 and 93% of the total plasma radioactivity. In the unusual circumstance of a fibrinogen preparation having a 'clottability' in vivo of less than 80n% it was discarded for use in the fibrinolytic assay since it was found that such preparations introduced inaccuracies into the isotopic measurements. Blood samples were taken with minimal haemostasis and glassware was washed both in acid and detergent.
PREPARATION OF BLOOD DILUENT MIXTURE
Both the isotopic studies and the dilute whole blood lysis times (BLT) employed aliquots of the same mixture of blood and diluent. The mixture was prepared by adding, immediately after withdrawal, 10 ml of whole blood to 85 ml ice-cold acetate citrate diluent, pH 7-4, contained in a conical flask. The acetate citrate diluent was used, both because it increases the rate of fibrin digestion in vitro, the citrate ions inhibiting probably factor XIII, and the acetate ions inhibiting antiplasmin activity (Gallimore and Shaw, 1969) , and because it has been claimed to allow the endpoint to be determined with greater accuracy (Gallimore, 1967 The techniques used were as described previously (Hickman, 1971) . The principle of the isotopic method was to measure the rate of fibrin digestion in vitro. It was considered that this provided a more direct measurement of fibrinolytic activity than the lysis time methods, and that within normal ranges of activity it was largely independent of the fibrinogen concentration. This method has since been simplified (Hickman and Gordon-Smith, 1972) .
FIBRINOGEN ENRICHMENT STUDIES
Studies involving the addition of fibrinogen in vitro were performed in order to determine whether the isotopic method of measuring fibrinolytic activity was truly independent of the fibrinogen concentration.
The fibrinogen solution was prepared by dissolving I g human lyophilized fibrinogen (Kabi Pharmaceuticals Ltd, London, W5) in 100 ml sterile water. Aliquots of this solution were stored at -20°C before use. Duplicate 15 ml blood samples were taken into syringes containing either 2 ml fibrinogen solution or 2 ml 0 9 % saline. The fibrinogen concentration, specific activity, and fibrinolytic activity for each sample were then measured using the techniques described above.
Results Figure 1 shows fibrinolytic activity, as measured by the isotopic technique, plotted against the dilute whole blood lysis time. The results are shown in three groups according to the whole blood fibrinogen concentration. The low range corresponds to a whole blood fibrinogen concentration ranging between 0-81 mg and 1P40 mg per 0-5 ml blood, corresponding to a plasma fibrinogen concentration of 290 mg % to 509 mg%0 (assuming a PCV of 450 %). The intermediate range corresponds to a whole blood fibrinogen concentration between 1 41 mg and 2 00 mg per 0 5 ml blood (equivalent to a plasma fibrinogen concentration between 510 mg% and 727 mg %) and the high range corresponds to ranges of 2-01 mg to 2-60 mg per 0 5 ml blood (plasma fibrinogen 728 mg% to 924 mg%0). Such a range of plasma fibrinogen concentrations is by no means unusual when studies include samples from subjects whose acute phase protein synthesis has been stimulated by factors such as surgical operation or infection. In postoperative subjects the whole blood, as against plasma, fibrinogen concentration is further increased by the tendency for the PCV to fall after operation. Thus the range of fibrinogen concentration will be greater when samples of whole blood are used as in the BLT than when samples of plasma are used as in the euglobulin lysis time.
The relationship between lysis time and fibrinolytic activity is clearly not linear (fig 1) . In fact when attempts were made to obtain the highest correlation using different mathematical plots, the logarithm of the lysis time plotted against the logarithm of fibrinolytic activity produced a higher coefficient of correlation (r = 0 7909) than either a reciprocal plot (r = 06586 or a plot of the reciprocal of the lysis time against the logarithm of fibrinolytic activity (r = 0 6834). Accordingly, regression lines obtained using the double logarithmic plot have been used to demonstrate the effect of fibrinogen concentration upon the relationship of lysis time to fibrinolytic activity (fig 2) . In fig 2 individual regression lines obtained using a double logarithmic plot have been superimposed on the linear plot of the samples grouped according to their fibrinogen concentration as described previously. Each individual correlation coefficient shows a significant improvement (applying Fisher's 'z' transformation) on the overall correlation coefficient, and it will be seen that change in the fibrinogen concentration exerts a marked effect upon the relationship between slope and lysis time. The tendency of the regression lines to merge at the higher range of activity suggests that some degree of substrate enhancement occurs at this range of activity. The fact that, when plotted in this way, the results are grouped according to fibrinogen concentration is suggestive that the isotopic method of measuring fibrinolytic activity, at least within the greater part of the physiological range of activity, is largely independent of the substrate concentration.
Further evidence that the isotopic method is independent of the fibrinogen concentration is obtained from the duplicate isotopic studies in which one series has been enriched by the addition of fibrinogen to the blood diluent mixture. In the 10 studies performed the lysis time was significantly prolonged in each of the fibrinogen-enriched series but with only minor alteration intheslope(seetable). An individual study is shown in figure 3.
Discussion
Blix (1961) and Gallimore and Shaw (1969) demonstrated that the addition of fibrinogen to blood samples prolonged the dilute whole blood lysis time. Blix further showed that the amount of fibrinogen in the eugloblin precipitate of plasma was determined by the plasma fibrinogen concentration, indicating that the euglobulin lysis time would be affected similarly by change in plasma fibrinogen. It was not possible, however, to quantitate this effect using their in vitro methods, and scepticism has been expressed on the validity of the findings based as they were on manipulation in vitro of the fibrinogen concentration. The present study in fact confirms their finding and provides some guidance on the magnitude of the effect exerted by change in plasma fibrinogen. It becomes evident from a study of fig 2 that in situations where the fibrinogen concentration has altered significantly an assessment of fibrinolytic activity by lysis time methods will be difficult to interpret. For example, one can question to what extent the so-called fibrinolytic 'shutdown' occurring after injury (Innes and Sevitt, 1964; Chakrabarti, Hocking, and Fearnley, 1970 ) is a reflection of the increased fibrinogen concentration rather than an actual reduction of net enzyme assistance. The fibrinogen concentration has been increased from 234 References mg0% in the first sample (0) to 465 % mg in the second samnple (A). This has prolonged the whole blood lysis Blix, S. (1961) . The fibrinolysis of plasma clots under various conditime*frm fourto sixhours with only minor alterations tions. Acta nmed. scand., 169, 495-502. time from four to six nous ltnony lno atertlns Chakrabarti, R., Hocking, E. D., and Fearnley, G. R. (1969) . Reaction in the rate of the reactioni. pattern to three stresses-electroplexy, surgery, and myocardial
